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(54) PARALLEL SORT DEVICE 

(57)Abstract 

PROBLEM TO BE SOLVED: To shorten the parallel 
processing time of a parallel sort device by equalizing 
the numbers of sorted strings which are read out of a 
secondary storage in every parallel processing unit when 
the external sorts whose objects data are not 
completely stored in a main storage are carried out in 
parallel to each other in a multiprocess. 
SOLUTION: The sort processing operations are carried 
out in the sort/merge main storage areas 31 and 32 
which are proper to the parallel processes. Then these 
sort processing results are stored in a shared sorted 
string main storage area 5. Then the strings are written 
in the work areas 81 and 82, and a work area 
management means 6 decides a string replacement block 
when the area 5 has an overflow. The strings are taken 
out of the area 5 and sent to the areas 31 and 32 to 
perform the merging operations after the sort phase is 
over. Then a string writing/reading means 7 decides the 
blocks to be read next, and these blocks are read out of 
the areas 81 and 82. 
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immmm) 

finess-oz&fe&a* t> mh tu-r atj r - ? 

o ••/ ? frt>%hx MJ yX£> & WiV- 

^+sgi^-c*^M$tis^ h y y/5rGUff sy- 

H5fem-<?5z»je'ti*^A^T r -^oE»f^yo .y ? *> 

bm* h y yrgeafmnx b v >rz v- h/?- 
: J9smixmti^x b y y?zm§iv- b/-?- : Jm± 
n^m.mzmkti y- h/v-^st , ^trot 

B?|gy-h/v-^g*i|fflBy- h/v-5>JB±iHt 
fRW<ox b y y/£y- b/v-^s LT±£-ri>#r 
h y y/coyn -y ? * mriay- b%z b u 

v-y? zmamm®i,zs.$wiL ttt. mix b>jy 
rzti? n<ofi# 7*0 l < t-* J: 

luisy- hs?x h y y^±fetii»&o*-A-7o-7n 

•y?$rmrf£f^TOcfJiEg#^i.^^§#ait. & 

hwmtv- h&z b y y?±3zim®cr>x b y y/ 
Sry-b/v-xjftfii-ri>t#, flineB#8U(c«ks£ 

l^n-y^S:. 1%fl5EfBtt*&tt*iii LT7. h V y? 

zwt-thx h y y m L/t^&^&t . *tii 
fc-f £>is*js 1 E**>Mjyy- nar. 

[0001] 

■sw-Tiy-rizmth. 

[0 0 0 2] W^T-^^-Xv^rArtgPT'y-r-f 



mfrt-is ^mizmmztizzimtzmmmm 
[0003] js*p*fflftsnrv^j»o^f-ATii, 

ilEM*©!* y'i-/^ft Sshared ev 
e r y t h i n giWT-^ff^f Y?, .1 <03MHttflJ 
%X'Zl. 34>fc. iRttfcSffLfcHshared 
nothi ngitt, tffS^^yr-drr??-* 

[0004] 

[1]#S¥03-07 122 7 
[ 2] B i 1 1 o n D. , et a 1 : "Par a 1 
lei Algorithms for the Ex 
ecution of RelationalData 
base ACM Transactions on 
Data — base Systems, Vo 18, No 
3. September 1 9 8 3 , P a g e s 3 2 4 
-353. 

[3] flUl|£& "NonStop SQL 

w-*T?fV , mmm, vo 1 33. no 1 

2, pages 14 3 6-144 0#*>£. dil^O* 

[ 0 0 0 5 ] [ 1 ] fcifltf . ±Ett (**m) 
y-h*fiRi:*4T-^ <*Mn) jPt^TJRiMrV* 
*=Sr*»JI^ V - h«HtWBW V - 1 0^ 

y-h7x-XiLog (n/m) @^7-y'7x-X 
*fc->T«Mc8*U [*Kl*)4K] . £7x-XT' 
14, *o+TS^fcy-bS*ifcl8*fcfco, VKo*> 
^/u-rifiteiw* . z<r)7>\s-7&x b y yXfcn? 

vy7<mmi. m±n/mx-hh. ftm-bmm 

it. y-h7x-Xi:-7-^7x-Xi)|,V^i#<ri7)V 
-y'7x-Xiatf- ^^ft?S L * t ifaMWCW 
5f ; -^!iEm^*^frfi«l^$fJ|!5-ri»Mr6itJ>l» (-5 

f^®«^ni/OboundtW) 
[XKl«8^-s;] . Ml]Tii. y-r-7x- 
Xtv-x'7x-XcoS»t^L^, fiSBEiUcvvty 
^•tSClhT', {RSEeSrihK-h-ri.^^y ft&H-tf- 
3 0%*^8 0%^WSf^ffi/h-ri»*ffi 

s-h^ltv^s. iwstfeicintf, v-b$miz®m 

y^*««ui$afci^jST (i-^fc*>y-h/v-y3i!s 

mmizmz tat. ^7-^7 x-xct4±aftt:s 
o t v ^ x r y y x*> f.jaa-ri. c: t T-fm^«*> o 
m^&Lmzm.-t^>-<m^cr) 1 /onia?:g» 

fc -y 7$-ttT . 



(3) 



ftffl¥9-2 3 10 53 



[ 0 0 0 6 3 -t . JMUV- h Sr^Tn-fe -ytoM^J 
vvytfifflUcW. [2] fc^SfiTu*. El 
5te [»2«)C334] *»6§UBLfciej!2*x'f'e 
-^y-htlKWSHT, SUB OPTIAML 
STAGEfcOPT I MAL STAGE**- 

9 171jM9 4Sr7-n-fe.yt9 5fl£9 8TV-hU * 
«<Sft**»WK#rn-feyy9 57!>S9 8ftfcl*tf) 
Xh'jy/9 9t-7-i/'LTV^. M?lJ2>>x>f-7-^ 

m&zivfcfflcTu-t>>itxr?-i?tbzb"c (pos 

TOPTIMAL STAGE) „ l^y-hsjifc 

[0007] KfiSr-^^-Xy^-r^ttSftSW^ft 
ft**^*!^*®***^ £SR [ 3 ] fc ifttf s 

ffft»aa*iiL, w 
fts. BMftftawJsaTJi. y-maa^TJj^a* 

£ fc fc J: $ Jfiff 9 1>*6 . i OSlcttMm 

AL STAGE hPOSTOPTIMAL STAG 

[00083 

te? yX?m<DT-*'r?-1-v$:$T^>&n'?i/y±.X'& 

wy-b«!a*aMt*-*»^«iBji»i. subopti 

MAL STAGE. OPTIMAL STAGE£ffl 

tm&v-htx-zi. &mz$M [ 1 ] coimm 

g^I/OlslAmo, I /0£.£gi 

•f*ttS&y-fottfl£T\ ^]y-h^*ofi#g*wj 

mtt&ZbX. i/om^(7)^yyx^blZbiM 
[0009] fl*y-h*)*a. #7x-XfR-f- 

nmfrt>m*-\a i?s> 0 , 1 mamm^nr- 
x<oimm®wf-? (Dm*mz $r±E{ST-A>y ? r 



»tc»i, y-h/-7-5>fflfc«D£T*±IEtt*£W& 

[00 10] M?iJy-h^SUBOPT 
IMAL STAGE, OPTIMAL STAGES: 
*M*V-M:*arU im%ma.z$\ t )%XZ**:Vi 
M?ijy- h OHTflijl Lft d ,1 i: T\ 7-y7i-X« 
XHJ ^T2»oett*»4>tt*ai-*-7*n -y h 

•J v*TiMW= L . £ fliwtfts jW»y- h ra»7«M 
[001 1 ] 

zmimzMtixtamm^ 

cto-c, £mm*fo±zit?>ztiz$>z>. 
[0012] *<7)tcih. znwia. y- htt^oTJ] 
T-^*ts«frri»^-^z<^Biit. i»ie»-*>::8aE 
*&» <b ta-f a?j r - ^ «Of3r5t&7o -y ? * i. * 

sixsx h y ^t«»t4 y- h/^-vffiifatu 

ttfc , y- h/T-y«ao+BHiaBT4«S<i*x h 
y y ^otSttSWt *-a'7 n--f S 7n <y ? friDgS 

h y y^i&^tsmiBls^^*^^* y - f»x h 
lay- h/v-5>ffl±iaMWfc«iiw* abj**r 

t . huIBV— h/"7-^ffl±IEtt««^^ b 'J 

- b/v-i/jiaaLT^jSLfefrfe^ b y y/Srwie 

y- h^fx h y y^±ieig^«ox h y y/^y- h/ 
v-^'jaaLTfr^^A h y y^^itney- h/v-x' 
ffliisttsweBis-r & y- v/i-v^-m. > 
D-bxT^LT^sM^jy-hgatcftoT. unsy 

XMJ ^Sry-h/v-^'JSlLT^JjM-SfW:*^ 

h y y^oyu -y ^ s-frfsy- h y y 

Wix h y y^ciiJn ix&t a^fv » ^ 

^«iEf«fR«ica & »i s t § . luiex h y y ^-e-ix 

EXffl&>*-><y 0-/0 y zmammmzmi 
waiofcjwswL. ft&vM4iMEy-ha^hy 
yy^mmmcox b y y^$:y- h/v-i/jas-ts 

«*»6HS»aj Ltx h y y^£«7cti>x h y y^»# 
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COO 1 3] y-hcO*t£*fc&ST-*ti. Z8dEtt<0 

(ftiv^irn-bnr-t) (cJ:oT3fe5lltSatS*l6. ^ 
•?^rt«V-hjWirTLT4«S*i**rfcar^ hi) y 
/ttffl*«:rn-tex?y- h y y^JB±E«BH 

fcca sn* . y-h^h'j y ?m±imcr>x hv> 
mt>ti&. y- Y/v-i?mmtimmz&« <nru 

#ffi*&»ty- hS?* h 'J y/±E«RWfcZ<WE« 

mi<%mizmmn>*z7vv7*&£t&. z 

[00 14] V-hftXhVy? 

mznimmm&v- h%ox h y y ^iice o * 

£*ui» aaswro-fe^TMWtltttSii*. doijft 
Hrot^iiML^^tw^ h y y^fcWLTiat 

TtPOSTOPT I MAL STAGE<0*A3ICig£*l 

d*^ PI— ^yrtTSBtLTt J^U 
yfcKiSLTiafcLTiJ:^. 

c o o i 5 ] juawinwc. v- hm* h y >7m±si 

!W)/nv?fc2*mfcJH. Xhyy^SSttJL 
7d -y ? H tx h y y/T'&l=f Wt * 7 n «/ ? OS? 

o«y**>«»tiiUi, v-*jmm$iwzftbtih. -? 
y-Mffxhy y^±EitflWi+»x h y 

commix, &7v±xtfzmmcr)mffl&frb 
- h tseaKrjdia^ras^*)** .r t * . 

100 1 6] 

w&k&mmtn khz, zm.mz^x. mm 
c o o 1 7 1 znm<?y-mifcmcom!8.zm® i 

m-t&l. £W-hmW.ltf2'Z>CDrn*;AX'®m- 
fe<§*S«<3 l , 3 2£tt*&trfc*>«0AiMj¥R3 1 , 



1.32 ±T*y - 1* *> * v >ti v- j; t Tfr L v >x h y y 

^4jftt*y-h/V-^R41:. y-h/v-i^' 

^S4 izi -ory- h snfceaT*4x h y y^5 1 

7® 5 4 * y- h»* b 'J y TTHiEttW* 5 

t. AJj7-?comtf§><. y-h»^hyy^fR«5 

au.t s ^ h y y^ 5 1 jbm 5 a x-miu >y 9 im 
=5rya v 9<r>m^mimt ixmm-t&frzftfct&ft 
mmmmmet. mmmmm6tfv&itz7 
o v 9 z?u*xnm<wm!ms 1,82 izw* aj-r 
*hyy/«fflu/K*iw#R7fc. ^ii. 
C 0 0 1 8 ] dconifeWTii. ^-M^Maoro-fex^ 

V-h&mt: l*nxhV>ykLX^&. Zti\±. g£ 
*SffiT*^^#?ijy-h<7)SUBOPTIMAL S 
TAGE, OPTIMAL STAGE£fflS-f 6. M 

miz&7n±xx'%kmitzv- h&z h y y/*>^> 1 

S^^&S. A^T-^2 1, 22ty-h/V-^' 

ffl±iBttii«3 1 . 3 2 1 . mmm 1.82 tiM^ 
^ame^ro-fexfttc^qs l, v- hSF* h y y^ffl 

WCfcit^fcUtV^. f^Kffl«81. 8 2^, y- 

h/t-itm&Eamm 1.32 ^^Msmet* 

c 0 0 1 9 ] ate. c<on5s^y-b-7-i/mfBit 
mmi, 3 2t, y-bafxhyy^ffliiB«®«5 

6#y- h y y^ffl±E«««5±o^ h y y? 

5 1ftm.5 4C0b'V7'v-v9ZWZ®t&frW&5&Tm 

mwi. 3E(cy-haF^hyy^ffl±K«««5fc2 

* 7n 7 ^ x h y y ft L/M* 

c o o 2 o ] ttMimm+ri xms.m&wm 
9mthXJiT—?*H x%nb y- hffl±teito 

SrX h y y^c^lig^Tn/mfc^S . V-v 

jffli^t-fs^tyai, >m&%.<r>x\-vvr& 
y y^(i. -e-W7-n-fex*^L7tA h y y^rj>$i: 

v-y«Bl-c*5Wr±Eft«*f (n/m) ?$t 
h-tb. 

m= f ( n/m) 

f (n/m) =n/m<n*r-X-Z%lhb, ±^lim = 
n/mfc^rO, m=root (n) btth. 3 

y-h/v-j/ffl±ia«B«-9--fxii, v-xT7U 
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%m<r> o*>.m co±§im v - mx hv >m±m 
[0021] ate, mswmmenruvtw.* 

ft£ffcW-&02 (a) , @2 (b) , 02 (c) , 0 

2 (d) *jmjlt, mmmm&Mzxhmm 

LTJWJX&tmtth. 02 (a) J^S12 (d) 

x-ii. v-h*mm%tixAhvy?5im5 4?> 

11$ 5 fcfiflfct* 7o >y ? li£gffT' 1 2 7n y ?#T'*> 

x. /o^otiiiASMU y-hS?xM;y/ 

X&SMUNA 5 j&» £>mg|Rig 8 1. 8 2 Kg£ Jfti T'jI 

oassfifcyo ^{i^coM o at Lx-^-rz tiz-ri, 

02 ( c ) , 02 ( d ) X\ mmi$t.tlt, Z<7)MM 
i)*i7uv99Xhh. &tz. mt\i. 02 (a) . 
( b ) X-fflfiX^ZtiX ^5 V-hftXh\) >fs.im 

yn -y ^ftJMIT4«Sfi*^Sg^ h 'J y/<0 
7n-y?T'S>l>. Xh'jy^5 1 t^.hU>^5 2{±T 

n-t* 1 5#y- mm us* h y yyx-h 0 . 

t X h U >^ 5 4 {iTo-feX 1 6 IfV- htm IKX h 
>J y^T'J) 0 , IkW-iSimx-iiTv-tx l 6 #S&ffl 

[0022] ft-f 02 (aJllXh'J y^5 3*>4« 

mzmmm-^ya-i^ 

->fc^?V- hSFX h U y^±IB1t«^5C0 1 2 7n 
•y^rt^hUy/^tt^tiXJtttSiSr^LTV^. £ 
<7)I$J&T\ Xh'J 1 , 5 2. 5 30£TOTgg;ja 

■tikt, msizitin. mm (-it'owm&b 
%-?x^hAhvy75 3];M) z&frmzmm-t&co 
x\ hssuh**: lxx vv>?5i tmstii u 

7-v76 1 ) . XhV>?5 lcoi7v-y?ZW.ZWil 

fc«^cv- hSrx h o >rmMzmzm7v y 

ft&th ( l ja±T&4 > <nx\ ;<oxh'j 
fcisaswtatfl- (02W5 1 3) tfw.*&t<m%.k 

Kc-ofzZtZ^LX^Z (xfv76 2<r>Tio) . & 

ttfcfcJU £XV>x h V >/Oftt/jN$v^5:^tryo-y 
?#y-h8UhU >m±W8ffi&5liZ-mEth®g 
fthhfrt,X-foh.m3<r)T)V3VXMzL1ztf^X, 

2 (b)t^-f. XhU>-^54coyn-y^(i. g#co 



x\>yy?m%&L*\zm.Ltz.M(vmLm5 1 

2. 513, 522. 523. 536, 537, 54 
2, 546***J»;t.lCj:oT, I 27u •? 9 Pwmtk 
5 1 1. 52 1, 5317^535. 54 1, 543^ 
2545, 5 4 7fc*W>MlTH*. 
ti. 03«O^x-y7-6 2<7)^ff*^. 02W7'o>yi?5 

4i-ctt«4t*v\ 02 (b) izxtummiz-kx 
coxhv>yxitt<®Lm<2k%r), 7 

v?7&mttiZ%&&£%m2tiX^&z\ktfhfr 

o-fex 1 6 T<&9&fHIffitt8 1 . 8 2frt>ff)m*til 
warn t < & 0 . S-ro-b^-cov- s^UtTHfta 
*«W*:$r & £ fc SrS«-r S . V-b%XhV 
QSUA5£xhV>rtf£&2tLT. 7"o-y^^a#^ 

z.n%Lt%z>yuv7i:xYvy7m*\iiL /m&tz i 
Sfx h u l -y mm 

ax-) 03<o7^rf'jxA2rafflt, mzmmt 
m&. Lt&& ta* at t & >y ^ <nm% m won 

-humtimmmi, s2^fw^omtmL 
X-Z&. -?- : Jyji-xx'V-h^xhVyymm5co 

ttfc«r->fc*»^, xhvyrmzsii/mK&^m 
&y<r>7v <y ^ »f^Kistt8 1,82 a>4,R*ai-w»fc 

[0023] 5fe-f02 ( b ) jfil-'JXmnmjmtiT 
hh. x HJ ffl U/BK»iWi#»7 O^p -y 7 

8iR^£jKt7o-**-bT&«>04fcJ:*Uf02 

(b) T, rotxi 60v-^'«US^jtffL. 7n 7 
753 l* { S^-5^t1"S. d<IT*s 04O1CO7O 
-f-^-hizmob. 7u-tX5 6U$tcr>-?- : Jtm 

x\ £*(D7r> v?53i izmx-izi-imm®<o7'u v 

9\t. 02 (b) £05 3 6. 5A2t*hm.tWith1Xfz 
7u-v?X\ Z<7)oh5 4 2U&miX'h t ) , 5 3 6(i 
KBIST'SiS^i:**'?) UT-y7*7 1. 7 2) . ^M> 

> ym% ffl t/^a^¥S7 {iyo y ^ 5 4 2 

fflt UtvT-7 3) . CO^, V-x'«ffl(±. 02 
(b) CD7o.y?54 l, 5 3 2<rMXHmth. - 

rotxi sov-^jaa^'jiffLrn-y^s 1 1 
tmztcitzb-fhb. iXizm^ta-t^^a-y^itm 

2(b) 05 1 2. 5 2 2T-a§^i<?>iX/c7'o-y?T' 

n-y^T*S>S5 1 2imh^<nn^btf:h. 
[0 0 24]^rfc, ioSOtWtTtt, mA'77rt 
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J65fcH*fc#*L'OvarV>a t . 03<75*T«y7 , 2T\ 
SWvW7TR£fBW-*£fc?. TV/WWrfcJ: 
*^ai**IIIW-&ikfcT**. fck*»f, 03 (7)7 

p*xo*K»ffl^«y7r*<lJaTj **VH4. rggo 
#2OTj fctftSOOTUf *v\ B4«07 
/Wrf >J XM44 o fc < S&b D fcv * i OHJfeflJfcfc 

n-fe -y -ttfij 0 i T 6SSS36«TS S CI t li.W* h 

[0025] 

7a W:«t S J: o t«Br& - k K <t o 
fck*tf, 02 (b) ^DfiftTti. 7n-t7fcl;:;3iJ*coft 

3igi$ffl<oz&iaii£f£ok -4-4 k , i / 

0@S(±#ro-tXT4IH-rot'J>l). «IiltWLT, 
#rn-fe^Ti^¥tV- bSfX b 'J y7ffl±lE1§£ai>, 
iTfcktSk. mxi SJi^T^lMclRSSfc 
Mz. I /OEBSteO 7n-fe^l6TJ48IsI<0 

i/oa^k&Os c:co^Bflo^i:^2fgc7)i/oi5| 
»«>rn-fex*»**o«HB*IBtffiTS*6. 

[00 2 6] iWJHBKiittr, 2E£7n»/7t:: 

□ «y7*>&OlE8£fWtSC:kT\ ftt>££A03Vi 
T-7£K*ffiLO^k1-|>C.k#T#. I/O+fc 

2(b) oWCH. 7o>y7 5 3 l jft«ffifcfco;fc*£fc 
7o «y 7 5 3 6 fcR*a«- k . &fc7o >y 7 5 4 2 tfft 



^-i^im^w^m^i. ztut. 7n.y7 54 2 

tf? u >y 7 5 3 6 J: 0 fc*to«fc'5r*TO&tt#Kvv&> 

fo#7. h 'j y/a^fry- h*-<o4HS*»o*£fc 
[0ffi<OfS»fciBBJ!] 

[01 ] w^)y|BJ^-^MW<7)ffl^2:^-r0-C'$>l». 
[02] #0 (a) tt, 7hlJy7l=£r*:&7o.y7£ 

0(b) y-bSr7Miy7*£:-?-it£k#» K 
*aj-tyn V 7*«fe£"t*8iWH. m (c ) li, #0 

( a ) omtixna. v y y^*>ttiRfci»»*4H, #0 

( d ) tt#0 ( b ) totZfixnz h y y/WR8l*K«!B 
■fS0-C&S. 

[03] y-hSXhy^fciffiWSWCBSiJUS 
|g070-f-r-h-CS)4. 

[04 ] v-v&x h y y?m±im £ 

-hT'$>l>. 

[05] V - h * net 0T'$> 5 . 

[fir^S^] 

1 mw-vm. 

3 AiK^K 

4 v-h/v-^a 

5 v - h %x v >j y 7±iB«£« 
6 

7 XMJ y » L/BE*&**R 
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